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Abstract 

 
 Similar with X-radiography, using neutron like penetrating particle, there is in practice a 
nondestructive technique named neutron radiology. When the registration of information is done 
on a film with the help of a conversion foil (with high cross section for neutrons) that emits 
secondary radiation (β, γ) that creates a latent image, we name the technique neutron 
radiography. 
 A radiographic industrial film that contains the image of the internal structure of an 
object, obtained by neutron radiography, must be subsequently analyzed to obtain qualitative and 
quantitative information about the structural integrity of that object. 
 There is possible to do a computed analysis of a film using a facility with next main 
components: an illuminator for film, a CCD video camera and a computer (PC) with suitable 
software. 
 The qualitative analysis intends to put in evidence possibly anomalies of the structure due 
to manufactural processes or induced by working processes (for example, the irradiation activity 
in the case of the nuclear fuel). 
 Quantitative, are measured on the image some parameters: dimensions, optical densities.  
 The illuminator has been built specially to perform this application but can be used for 
simple visual observation. The illuminated area is 9x40 cm. 
 The frame of the system is a comparer Abbe Carl Zeiss Jena type, which has been 
adapted to achieve this application. 
 The video camera assures the capture of image that is stored and processed by computer. 
A special program SIMAG-NG has been performed at INR Pitesti that beside of the program 
SMTV II of the special acquisition module SM 5010 can to analyze the image of a film. 
 The major application of the system was the quantitative analysis of a film that contains 
the images of some nuclear fuel pins beside a dimensional standard. The system was used to 
measure the length of the pellets of the TRIGA nuclear fuel. 
 
 
1. Introduction 
 

The underwater neutron radiography facility placed near the TRIGA pulsed reactor core 
(ACPR) was used with good results for the examination of the irradiated and unirradiated 
nuclear fuel pins. Were investigated TRIGA-SSR (HEU and LEU), experimental CANDU pins 
and also a damaged control rod. 

A dysprosium or indium screen is the converter of the neutron incident radiation into 
secondary ionizing radiation. The recorder of the image is an industrial radiographic film, AZO 
type in three ranges: NG1, NG2 and NG3 that records the secondary radiation from converter. 

This is the transfer method and is suitable for examination of the irradiated nuclear fuel 
pins. 



Recently were done experiments for neutron radiography to the tangential beam port of 
the ACPR.  Results were very good with the same transfer method.  

It is intended to build a new neutron radiography facility in the next two years that will be 
positioned at the tangential beam port of the TRIGA-ACPR. Will be established an experimental 
configuration which to allow the neutron radiography of the objects that cannot be investigated 
with the underwater facility. Thus over two years we expect to develop new applications for civil 
industry and other domains: archeology, arts and biology. 

Among new methods based on CCD camera for image acquisition and a PC for image 
analysis will be used the classical imaging system based on foil converters and films.   
 The image obtained of the film is analysed afterwards qualitatively and quantitatively. 
 Qualitatively, is examinated the general aspect of the image and are put in evidence the 
possibly structure anomalies from manufacturing or induced by work processes. 
 Quantitatively, it is done the measurement on the image of some parameters such as: 
dimensions and optical densities. On the images of the fuel elements were measured the lengths 
and diameters of the pellets. 
 This qualitatively and quantitatively analyses were performed with a computed  image 
analysis system based on an illuminator, holder for films, CCD camera, PC and suitable 
software. 
  
2. The components of the system 
          
2.1. The illuminator  
 
 This part of the system ensures a uniform, adjustable and intense illuminated field for the 
visualization of the film contents up to 4 optical density level. The illuminator was built by own 
design and is possible to be used into system and separately for qualitatively analysis. The 
surface of the illuminated window is 9x40 cm2. This is manufactured in accordance with 
Romanian regulations from STAS E 12766-89. 
 
2.2. The Abbe comparer with new accessories 
   
  A very useful instrument used for this system is an Abbe comparer CARL ZEISS JENA 
type. The comparer is on a special table that sustains also the illuminator and all other 
components of the system. The comparer is able to measure the dimensions of mechanical 
objects with accuracy up to 1 µm. The maximum length is 20.5 cm. The comparer has a movable 
table that sustains the object and a graduated ruler.  The comparer has two optical oculars. One is 
to fix the guiding mark and other for reading the position with 1 µm precision. The difference is 
the measure of the length.  A holder for radiographical film is attached to the table of the 
comparer.  The film is put between two rectangular pieces of glass above the illuminator. 
 
2.3 The remote control of moving 
 
 The table of the comparer can be moved only on a direction by hand or by a step-by-step 
motor. The control arrives to motor from a driver that is commanded by computer.  When the 
system is working the film passes under the camera. The driver named SAM 01 has two parts: 
one hard part SAM 01 ACT and other soft SAM 01 PROG. 
 The SAM 01PROG assures: 

- the coupling to the SIMAG-NG program; 
- the calibration of the driving system; 
- the digital control of moving and the display of the coordinates; 
- the registration of the coordinates. 



The theoretical accuracy for the remote control of the moving of the film is 0.02 mm (the 
linear change of place for a step of the motor) but experimentally was proved based on Abbe 
comparer that only a few µm are involved due to gears.    
 
2.4. The CCD camera 
 
  The image of the illuminated film is catched by an industrial black-white CCD camera 
with high resolution. This camera is fixed to be able to be moved in three axes. The holder of the 
camera is fixed on the frame of the system. The signal of the camera is sent to an acquisition 
module – SM 5010. This module is placed into computer. 

 The camera resolution is near the best geometrical resolution obtained for the transfer 
method.  

 
2.5. The computer and the software 
 
 Computer and the module SM 5010 assure the image acquisition. The programs used are 
MS DOS 5.0, Windows 3.1, SIMAG-NG and SM TV II. 
 SM TV II is the special program of the acquisition module and is used for processing of 
the image regarding to the regions with the same contrast, enlargements, performs some studio 
processing and assures the printing of the images on laser printer. 
 The special program SIMAG-NG was performed for this application in Visual Basic. 
This program assures: 

- the preparation of images for analysis; 
- dimensional determinations based on special reticles; 
- the calibration of the system based on a standard from the film. The standard is 

measured previously using the Abbe comparer; 
- the remote control for the change of place of the film; 
- retrieving of previously images; 
- the save of the new images. 
The program has an interactive menu, buttons for control, boxes for interactive 

information and a window for image. This is a very versatile program that will be performed 
based on a new Pentium III PC.  
  
3. Involved activities  
 
 Thanks to divergence of the collimated neutron flux the image of the pins is bigger and 
for this reason is necessary to use a standard to define the real lengths.  

 A false TRIGA aluminum fuel element has at the positions of gaps of a real TRIGA pin 
some circular channels that keep the water, a good contrast agent in neutron radiography. This is 
the standard element used for dimensional measurements. The standard element appears on each 
film beside the image of the fuel pins. The lengths on standard are measured with the help of the 
Abbe comparer and have approximately the nominal length of a TRIGA pellet. Each pellet of the 
pin will have nearby a standard length. Will be done the calibration and next step is the 
measurement of the pellet of the pin. Are established the elongations of the pellets thanks to 
irradiation.  
 This system offers the possibility to determine based on two different lengths on standard 
the effective parameters D and L of the neutron radiography facility. 
 The lengths on a film are measured with accuracy from 0,05mm to 0.5 mm in function of 
the objective of the CCD camera. The objective is chosen in function of the desired 
determinations: length of the pellet, gap’s width, diameter of the pellet or the diameter of the 
cladding. 
 The contrast of the film is better if the image is more illuminated. The brightness of the 
image can be controlled subsequently with the help of the software. Therefore is established the 



best illumination from illuminator then the image is stored. The illuminator is turn off and image 
is analyzed from clipboard.   
 It is possible to obtain a negative or positive printed image avoiding the photo process to 
obtain a positive photo for a publishing image. 

 Due to Abbe comparer the dimensional measurements are possible to be done in two 
ways. First is the way that involves only the SIMAG-NG program. This means that the two 
points between which the distance is measured after calibration with the standard, to be 
simultaneously on an image. The distance is pointed immediately on screen in a box. The second 
method is involved also when the standard is missing and use SIMAG-NG program and the 
Abbe comparer.  This situation is used only if it is known the magnification of the image due to 
divergence of the neutron beam. The procedure is next: 

- the image is enlarged on screen with god definition; 
- it is traced on the image a right line rectangular to direction on which the measure is 

done using the SIMAG-NG program. This right line remains fixed on screen and only 
the image will translate if the table of the comparer is moved; 

- thanks to values read on comparer with 1 µm accuracy is possible to do the difference 
between them and to obtain the distance. The accuracy for establishment of the 
guiding marks defines the final accuracy of this method. The real length is obtained 
by correcting the previous distance with a correction factor due to divergence of 
collimated beam. This factor of correction f = Lo/L (Lo is the real length of a standard 
and L is the length measured on film of the same standard) is obtained once and may 
be used subsequently if the examination was done in the same conditions. For our 
facility and TRIGA fuel examination for a pellet, the correction factor is 1.0133. The 
correction factor depends on the length of the object and is independently of the 
position in the area of examination. If in the place of the film we put the standard is 
possible to obtain the real length, Lo of the standard using Abbe comparer. The length 
Lo was obtained like a mean value of more measurements. 

  
For the image of four TRIGA pins and the standard element, using first method, were 

obtained the values of the two pellets/pin presented in the next table. The standard element 
values used for calibration were obtained using the second method. 

     
Fuel pin Pellet 2 

(mm) 
Pellet 1 
(mm) 

2022 140,89 139,60 
2087 140,52 140,00 
2120 140,85 139,90 
2009 140,55 139,01 
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The image of the system for computed analyses of the radiografical films 
taken with own CCD camera 

 


